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ABSTRACT 

In order to test the possible interaction between dark energy and dark matter, we inves- 
tigate observational constraints on a phenomenological scenario, in which the ratio be- 
tween the dark energy and matter densities is proportional to the power law case of the 
scale factor, r = {px / Pm) oc a^. By using the Markov chain Monte Carlo method, we 
constrain the phenomenological interacting dark energy model with the newly revised 
H{z) data, as well as the cosmic microwave background (CMB) observation from the 7- 
year Wilkinson Microwave Anisotropy Probe (WMAP7) results, the baryonic acoustic 
oscillation (BAO) observation from the spectroscopic Sloan Digital Sky Survey (SDSS) 
data release 7 {DR7) galaxy sample and the type la supernovae (SNe la) from Union2 
set. The best-fit values of the model parameters are flmo = 0-27^Q 02(l''')io 03(2f ), 

C = 3.15t^;5g(lcr)l^;^i(2cr), and wx = -imto.ui'^cr)tafi{'2cr), which are more strin- 
gent than previous results. These results show that the standard ACDM model with- 
out any interaction remains a good fit to the recent observational data; however, the 
interaction that the energy transferring from dark matter to dark energy is slightly 
favored over the interaction from dark energy to dark matter. It is also shown that the 
H{z) data can give more stringent constraints on the phenomenological interacting 
scenario when combined to CMB and BAO observations, and the confidence regions 
of H{z)+BAO+CMB, SNe-^BAO+CMB, and i7(z)-KSNc+BA0+CMB combinations 
are consistent with each other. 
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1 INTRODUCTION 

The fact that the universe is undergoing an acceler- 
ating expansion has been supported and comfirmed by 
many cosmological observations, such as the luminosity 
distanc es of Type la Supernovae [SNe la, ("Riess et al. 
1998: Periiiiutter et al.lll999l:lAstier et al.l2006l :tHickcn ct al 
2OO9I : lAmanullah et all l20ld )]. cosmic microwave back- 
ground (CMB) from Wilkinson Microwave Anisotropy 
Probe rWMAP, jSpergel et al.l 12001 l2007l : iKomatsu etall 
l2009l . [201ol )]. and the large scale structure from Sloa n Digital 
Sky Survey [SDSS, (jTegmark ct al. 2004; Eiscnst eliTet all 
|2005[ )]. In order to explain this mysterious phenomenon, the 
existence of dark energy with negative pressure, which dom- 
inates the total energy density and causes an accelerating 
expansion of our universe at late times, has been widely 
proposed. The most simple candidate of dark energy mod- 
els is considered to be in the form of vacuum energy den- 
sity or cosmological constant (A), with a equation of state 
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(EoS): wa ~ Pa/ PA = —1. However, the corresponding 
ACDM model is always entangled with the coincidence prob- 
lem: The density of the cosmic component decreases with 
pi (X a~^'^^™'' during the expansion of our universe; there- 
fore the matter density (pm) decreases with , and the cos- 
mological constant density (pa) do not change in the cosmic 
expansion; however, the dark energy density is comparable 
with the dark matter density today. 

In order to alleviate the coincidence problem, many al- 
ternative models include the scalar field model s with dy- 
namical EoS (e.g., t he quintesse nce (jRatra fc Pe ebles 198^; 
ICaldwell e t al."l998'V phantom (CaldweU et al."'2002, 200 j ). 
k-essence (Armcndariz-Picori ct al. 2001; Chiba 2002|), as 
well as quintom model (|Feng et al.l |2005| ) have been pro- 
posed, however, the nature of dark energy is still unknown. 
It is natural to consider the possibility of exchanging energy 
between dark energy and dark matter. In the interacting 
scenario, pm could decrease slower than during the cos- 
mic expansion to alleviate the coincidence problem. Consid- 
ering that the dark energy {px, assuming a constant EoS, 
Wx = const) and the dust matter including the baryon and 
dark matter component {pm. ~ Pb + Pdm) exchange energy 
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through an interaction term Q, 
px + 'iHpx{l + wx) = — Q, 

pm + 3Hpm = Q, 



(1) 



which preserves the total 

Ptot + iH {ptot + Ptot) 



Various interaction 



energy conservation equation 
= 0, where ptot = px + 
theoretical models have been 



Dut forward and studied (lAmendolal 


2OOOI: IZimdahl et al. 


2001 


Chimento et al."2003": 'Guo et al. 


'2005': 'Guo & Zhane 


2005 


Wei & Cai 2006; Wei & Zhane 2007a, b; Zhane et al. 


200C 


Chen, Gong & SaridakisI 120091: iBaldi & Viel 2010l: 


Cervantes-Cota et alj I2OI0I: Zhang & Lil 2010l: Cai & Su 


2OI0I). but the format of interaction term Q still can not 



be determined from fundamental physics. 

On the other hand, the interacting dark energy can be 
investigated in a phenomenolo gical way wit h mini mal under- 
lying theoretical assumptions. I Dalai et al.l (|200ll ) proposed 
a simple phenomenological scenario in which the ratio be- 
tween the dark energy and matter densities is proportional 
to the power law case of the scale factor, 



px 5 
oc a , 

pm 



(2) 



where ^ is a key parameter, which quantifies the severity 
of the coincidence problem. The special cases ^ = 3 and 
^ = correspond to the ACDM model and the self-similar 
solution without coincidence problem respectively. Hence, 
any solution with a scaling par ameter < ^ < 3 m akes the 
coincidence problem less severe (|Pavon et al.ll2003 ) . Consid- 
ering a flat FRW universe with Q.x(i + f2mo = 1 (where 
f^xo, f^mo are the present value of density parameter of 
the dark energy and dust matter, respectively), and setting 
r — a^Q,x o/^mO, we can obtain the correspond ing interac- 
tion term (|Guo et al.ll2007l : IWei fc Zhan'SbOOTbl ) 



g = -Hp^[^ + ?,wx)^} 



(3) 



where Q.x = (1 — r2mo)/[l — f^mo + f^mo(l + 2)^]. In this 
case, the standard cosmology without interaction between 
the dark sector is characterized by ^ -I- Sojx = 0, while 
5 + Zu}x 7^ denotes non-standard cosmology. The case 
^ + ScJx < denotes that the energy is transferred from 
dark energy to dark matter (Q > 0), which can alleviate 
the coincidence problem; whereas the case £, + 3lux > in- 
dicates that the energy is transferred from dark matter to 
dark energy (Q < 0), in which the coincidence problem is 
more severe. 

The Friedmann equation of the phenomenological sce- 
nario with a constant EoS of dark energy can be expressed 
as 



= (1 + ^)=* [an0 + (l-n„0)(l + z)"^] 



(•4) 



From Eq. (4), the simple phenomenological interacting sce- 
nario h as been constraine d from many cosmological obser- 
vations. I Guo et al] l|2007l ) considered the cosmological con- 
straints on this phenomenological scenario with the lumi- 
nosity distances (d^) of SNe la data fro m the Supernova 
Legacy Survey [SNLS, (|Astier et al.ll2006l )]. th e shift param- 
eter R from the 3- year WMAP [WMAP3, (|Spergel et all 
I2OO7I )] results, and the dist ance parameter A of t he baryon 
acoustic oscillation [BAG, l|Eisenstein et al.]|2005l )] observa- 



tion. Recently, IChen et al.l l|2010l ) tested this phenomeno- 
logical form b y combining the 39 7 SNe la from the Con- 
stitution Set (|Hicken et al] l2009t). the R p arameter from 
the 5-year WMAP [WMAPS ^Komatsu et~al...2009 ')] resuhs 
and A parameter, to show that the ACDM model still re- 
mains a good fit to the recent observational data, as well 
as, the coincidence problem inde ed exists and is quite se- 
vere. More recently, IWeil (|2010al 'l constrained the general 
type which is characterized by Px/pm = /(a) (where /(a) 
can be any function of scale factor a) from the latest ob- 
servational data includi ng the 397 SNIa dat a set, the 7- 
year WMAP [WMAP7, (|Komatsu et al.ll2010l ')] resuhs and 
A parameter. Some rel evant works in other p h enomenolog i- 
cal way can be fo und in I Wang fc Mend l|2005h :IWeil (|2010bl ): 
ICosta fc Alcanij ||2010D . 

For cosmological observations, it is well known that 
SNe la, CMB and BAG use the distance scale (e.g., d_t, R, 
or A) measurement to determine the cosmological parame- 
ters. However, we need to integrate the Hubble parameter 
to get the distance scale. The integral cannot take the fine 
structure of H{z) into consideration and lose some impor- 
tant information compiled in it. Therefore, it is more re- 
warding to investigate the observational H{z) data directly 
(|Cao. Zhu fc Liang IlioTll) . 

The observational Hubble parameter depends on the 
differential age as a function of redshift z in the form 



H{z) 



1 dz 



(5) 



1 + 2 dt 

Ijimenez et al.l (|2003l ) demonstrated the feasi bility of the 
method by applying it to a 2; sample. ISimon et al.l 
( j2005h determined nine H[z) data in the range ^ z ^ 1.8 
by using the differential ages of passively evolving galax- 
ies determined from the Gemini Deep Dee p Survey [GDDS , 
(Abraham et al. 2004)] an d a rchival data (iTreu et al.ll200ll . 
|2003 : iNolan et all l2003al lbh. IWei fc Zhand ()2007al lbh used 
the nine observational H[z) data to constrain the inter- 
acting dark energy models, and some other relevant works 
useing these H(z) d ata for cosmological constraint include 
Samushia fc Ratral ll2006h: Xazkoz fc Maierot to (200'' 



Yifc Zhand (l2007|); IWu fc Yul (l2007al|b|); [Zh ang fc Wi 



(l2007l):lKurek fc Szydlowsk] (l2008l): ISen fc Scherreil ( 1 2008 
Zhang fc Zhul (I2OO8I ) : IXu et all (|2008l): iLin et"aiT J2OO9 



Zhai. Wan fc Zhand (|201oi ). Recentlv. Stern et al.1 (|201G| 1 



vised the H{z) data at 11 different rcdsliifts from the dif- 
ferential ages of r ed-en velope galaxies. On the other hand, 
ICaztafiaga et al] (|2009l ) determined other two Hubble pa- 
rameter data at z = 0.24 and z = . 43 fro m observa- 
tions of BAO peaks. ICao. Zhu fc Liang I (|201ll ) used these 
newly observational H{z) data to constrain on the Inter- 
acting Dark Matter (IDM) scenario, and som e other works 
for cosmological constraint can be found in Wang fc Wu| 
(.2009): .Go ng et al. (2010): L iang. Wu fc Z hang (20m 
iLiang fc Zhul (|201lh : IXu fc Wand (|201G| ): iMa fc Zhan3 
( 20111 ). For recent review of the observational H(z) data, 
see e.g. IZhang. Ma fc LanI (|201G| ). 

In this paper, we investigate observational constraints 
on the simple phenomenological interacting scenario by per- 
forming a Markov Chain Monte Carlo (MCMC) analy- 
sis. For cosmological observations, we focus on the newly 
H(z ) data from the di fferential ages of red-envelope galax- 
ies (jStern et al.l I2OI0I ) and observations of BAO peaks 
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ijGaztanaga et al"]|2009l ). In order to break the degeneracy 
of model parameters, we combine the H(z ) data with the 
CMB observation from the WMAP7 results (jKomatsu et alJ 
12010 ') and the BAO distance ratio (d^) from the spectro- 
scopic Sloan D igital Sky Survey (SP SS) data release 7 (DR7) 
galaxy sample (|Percival et al.|[2010l ). For examining the role 
of the H{z) data played in cosmological constraints, we also 
add the newly revised Union2 set which consists of 557 SNe 
la ( AmanuUah et al, 2010). This paper is organized as fol- 
lows: In section [2l we introduce the observational data in- 
cluding H{z), BAO, CMB, as well as SNe la. In section [3 
we perform a Markov Chain Monte Carlo analysis spanning 
the full parameter space of the model using different data 
sets to constrain the phenomenological interacting model. 
Finally, we summarize the main conclusions in Section [J] 



2 OBSERVATIONAL DATA 

In order to break the degeneracy of model parameters, we 
combine the H(z) data with the CMB o bservation from the 
WMAP7 results (|Komatsu et al.l l2010f ) and the BAO ob- 
serva tion from the SDSS DR7 galaxy sample (|Percival et al.l 
l20ld '). We also add the newly re vised Union2 set which con- 
sists of 557 SNe la (jAman uUah et al. 2O10.) to examine the 
role of the H{z) data played in cosmological constraints. 

For the observational H{z) data, we adopt the 11 data 
obtained from the differential ages of red-envelope galaxies 
l|Stern et al.ll2010l ). and two data at H(z = 0.24) = 76.69 ± 
3.61Mpc"S and H{z = 0.43) = 86.45 ± 4.96Mpc~^ deter- 
mine d from observations of BAO peaks (|Gaztanaga et ahl 
l2009l ). The value of the H{z) data can be given by 



2 

Xh 



E 



[H{zi)-Hois{z,)f 



(6) 



where ah,i is the la uncertainty in the H{z) data. 

For the CMB observation, we use the data set includ- 
ing the acoustic scale (la), the shift parameter (R), and the 
redshift of recombination (z,). From the W MAP7 measure- 
ment , the best-fit values of the data set are (jKomatsu et al.l 
|2010D 




302.09 ± 0.76 
1.725 ±0.018 
1091.3 ±0.91 



(7) 



The value of the C MB observation can be expressed as 
ijKomatsu et al.ll201Gl ') 



XcMB = ^PcmbCcmb ^APcmb, 



(8) 



where APcmb = Pcmb — Pcmb, and the corresponding 
inverse covariance matrix is 



/ 2.305 29.698 -1.333 
mb"^ = 29.698 6825.270 -113.180 
\ -1.333 -113.180 3.414 

The acoustic scale can be expressed as 



-1/2, 



rs{z,) 



(9) 



(10) 



sound horizon at photo-decoupling epoch. The shift param- 
eters can be expressed as 



1/2 



dz 



(11) 



± 



The redshift of recombination is z, = 1048 [1 
0.00124(n6/i2)-°-^^*(l ± gi{n^oh^y^)], where gi = 
0.0783(J7i,/i2)-o.238(^ ^ 39.5ifWi^)l!:I^!lli and ga = 
0.560(1 ± 21. 1(n6/i2)i **i)-i (|Hu fc Sugivamall 19961 ). 

For the BAO observation, we use the measurement of 
the BAO distance r atio (dz) at « = 0.2 and z = 0.35 
(jPercival et all I2OI0I) . From SDSS data release 7 (DR7) 
gala xy sample, the best-fit values of the data set (do. 2, do. 35) 
are l|Percival et al.|[201Q ') 



00.2 

do. 35 



0.1905 ± 0.0061 
0.1097 ± 0.0036 



(12) 



The value of the BAO observatio n from SDSS DR7 can 
be expressed as (jPercival et al.ll201oh 

Xbao = APbaoCbao~^APbao, (13) 
where the corresponding inverse covariance matrix is 

(14) 



.'BAO = 



30124 
-17227 



-17227 
86977 



The BAO distance ratio can be expressed as 
, _ r,{zd) 



- DvizBAo)' ^^^^ 

wher e the distance scale Dv is given by (|Eisenstein et al.] 
l2005h 



„ / ^ t r ZBAO 

Dv{zBAo) = TT V 

Ho ^E(ZBAO) 







dz 

W)' 



and rs{zd) is the comoving 
zon at the drag epoch, where 



sound 

Zd 



(16) 



hori- 



/[l±0.659(n^o/i')'''*'1}[(l ± 
biiflbh')"^)], where bi = 0.313{fln.,oh^r"-^^^[l ± 

0.607(an,oft^)° '^''1"^ and 62 

0.238fn„, nfe^)°-^^^ (|Eisenstein fc Hu|[l99i ). 

SNe la provide the most direct indication of the ac- 
celerated expansion of the universe. We add SNe la data 
to examine the role of the H{z) data played in cosmologi- 
cal constraints. Recently, the Supernova Cosmology Project 
(SCP) collaboration have released their Union2 compila - 
tion which consists of 557 SNe la (|Amanullah et aDl2010l ). 
which have been used to constr a in cosmological models i n 
Weil ll2010d): IXu fc Wand (|2010l ): iLiang. Wu fc ZhJ (|201ll ): 
Liang. Xu fc ZhuT i 20111 ). The distance modulus of SN la can 



be given by 



fj. = 51og(dL/Mpc) ± 25 



(17) 



where the luminosity distance can be calculated as d^ = 
[c{l + z)/Ho] dz' /E{z'). In the calculation of the likeli- 
hood fro m SNe la, we have margina lized the nuisance pa- 
rameter l|Di Pietro fc Claesken3l2003l ): 



where A 

^557 ^ . data 



2 A , f C 



(18) 



E557 / data th\2 / 2 t) 

Et>ai I data th\ / 2 , ; 2 „„j 



where rs{z,) = Ho ^ Cs{z)/ E{z)dz is the comoving the Icr uncertainty of the SNe data. 
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3 CONSTRAINT ON THE 

PHENOMENOLOGICAL INTERACTING 
SCENARIO 

The model parameters are determined by applying the max- 
imum likelihood method of fitting by using the Markov 
Chain Monte Carlo (MCMC) method. The total with the 
joint data of //(z)+CMB+BAO+SNe can be given by 



— + XBAO + XCMB + XSNo 



(19) 



In adopting the MCMC approach, we generate a chain of 
sample points distributed in the parameter space accord- 
ing to the posterior probability by using the Metropolis- 
Hastings algorithm with uniform prior probability distribu- 
tion, and then repeat this process until the established con- 
vergence accur acy can be satisfied. Our code is based on 
CosmoMCMC (|Lewis fc Bridlj|2002l '). 

We show the 1-D probability distribution of each pa- 
rameter {wx, i, f2xo, fimo, ^^o) and 2-D plots for parame- 
ters between each other for the phenomenological interact- 
ing scenario with H[z) in Fig. [1] The best-fit values of the 
model parameters are Q.mO = 0.32lQ jg, wx ~ — 1.34lggg 
and 5 — 3.72^^ 42, which show that the H{z) data only 
can not tightly constrain the model parameters. Fitting re- 
sults from the joint data of _ff(2;)-|-CMB+BA0 are given 
in Fig [51 with the best-fit values flmo = 0. 26^0 03, wx = 
-l.llln o7 and 5 — 3.35tn QT, which show that when com- 



-0.27 '^"^ S ^ •^•^^-0.92 1 

bined to CMB+BAO data, the H{z) data can give more 
stringent constraints. For comparison, fitting results from 
SNe-l-CMB+BAO without H{z) are given in Fig [3l with 



the best-fit values ftr, 



0.27! 



Wx 



C = 3.10 



+0.54 



-1.031^:;^ and 



which are in good agreement with those 



of _H'(2:)-|-BAO-|-CMB data. The contours constrained with 
i?(2:)-|-SNe+BA0+CMB are shown in FigH] and the best- 



fit values are Q„ 



0.27 



+0.02 



wx 



-imt^oll and 



^ = 3.15lQ'5g, which are in good agreement with those of 
H{z)+'BAO+CMB and SNe-hBAO-hCMB. We present the 
best-fit values of parameters with 1-a and 2-a uncertainties 
of the phenomenological interacting scenario in Table [1] 

From Fig. [T]|3] and Table [T] it is shown that our results 
are more stringent and consistent with the constraint results 
obtai ned by combing previous SNe la data to BAO- I-CMB 
data iGuo et al.|[2007l : IChen eTaLlbOlOl : IWeilbQlQal ). And 
the special case = 3,wx ~ —1, corresponding to the 
ACDM with no interaction) is included at la confidence 
level with the recent observational data; however, it is 
also shown that the constraints favor ^ + Sljx > for 
the phenomenological scenario, and indicate that the en- 
ergy is transferred from dark matter to dark energy and 
the coincidence problem is quite severe, wh ic h is consis- 
tent w ith those obtained in ICuo et al.l (|2007l ): IChen et al.l 
l|2010t) . We also find that the H{z) data can give more 
stringent constraints on the phenomenological interacting 
scenario when combined to CMB and BAO observations. 
Comparing the SNe la data in the same way, we can find 
the confidence regions of H{z)+'BAO+CMS data are in 
good agreement with those of SNeIa -|-BAO-|-CMB data; 
this s ituation has also been noted in IZhai. Wan fc Zhand 
l|2010ll for constraining on the ACDM and XCDM scenario. 
We also find the confidence regions of iy(z)-|-BAO-|-CMB, 
SNe-hBAO-hCMB, and 7i"(2)-hSNe-FBAO-FCMB are consis- 
tent with each other. This situation is similar to that ob- 





1.5 -1 -0.5 ' 1.5 2.5 3.5 4.55 0.45 0.65 0.85 
" 0.25 Ik^P ) ■ 0-25 H X^^^ 0.25 I 



0.05 







-2 -1.5 



■0.5 



0.05 0.25 0.45 






1.5 2.5 3.5 4.55 0.45 0.65 0.85 



0.05 0.25 0.45 



Figure 1. The 2-D regions and 1-D marginalized distribution 
with the 1-(T and 2-a contours of parameters Wx, Ci f^xOi ^mO, 
and Ho in the phenomenological interacting scenario, for the H{z) 
data. 



tained in ICao. Zhu fc Liang I (|201ll ) for constraining on the 
Interacting Dark Matter (IDM) scenario with H {z)+SNe 
data. 



4 CONCLUSIONS 

In this paper, we test the interacting dark energy scenario 
with a phenomenological scaling solution px oc pmO,^, which 
is proposed as a candidate to ease the coincidence prob- 
lem of the concordance ACDM model. With the newly re- 
vised observational H{z) data, the CMB observation from 
the WMAP7 resuhs, the BAO observation from the SDSS 
Data Release and the Union2 SNela set, we obtain the best- 
fit values of the model parameters in the phenomenologi- 
cal interacting scenario, O,nio ~ 0.271q o2 (l*^)-!] 03(20"), ^ = 



3.15l°:^«(la)tO-;?(2a), and wx 



1 

^•'-'0-0.14 



(la)tO-Jl(2a), 



which are more str ingent and consi s tent with the previous 
constr aint resuhs (|Guo et al.l l2007l : IChen et al] I2OI0I : IWeil 
l2010al ). 

Our results show that the ACDM model still remains 
a good fit to the recent observational data. However, the 
interaction that the energy transferring from dark matter 
to dark energy is slightly favored over the interaction from 
dark energ y to dark matter , which is consisten t with that 
obtained in lCuo et all (120071 ): [Chen et al.1 (|2010[ ). therefore, 
the coincidence problem is quite severe in the phenomeno- 
logical scenarios. When combined the H{z) data with CMB 
and BAO observations, it is shown that the H{z) data 
can give more stringent constraints on the phenomenolog- 
ical interacting scenario. In order to examine the role of 
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The phcnomcnological 


interacting scenario 










if(2) + BAO + CMB 


SNc+BAO + CMB 


H"(z)+SNe+BAO+CMB 


e 

Ha 


3.72ti-2|(l<T) 

o.68t;;-i»(i<T) 

T3.10t^,;f,(la 


)ll:f7(2-) 


-i.ii±°f,(i.)tS;f2(2<.) 

3.35l°g(l<T)t;|7(2a) 

o.74t«»i(i.)t«;S=(2a) 
o.26;«°J(i.)i«;°^(2.) 

72.09t=;3„«(l.)t?;»l(2.) 


-i.03tS:l«(i.)ir2l(2-) 
3.iot°:|^(i.)lS:f,(2.) 

o.73t»;g|(ia)l»„;Sl(2.) 
o.27l°;S|(i.)t°;«l(2.) 

70.44t^;12(i^) + 4.43(2^) 


-1.05^^14 (l-)lS-2l (2-) 

3.i5tS:fo(ia)l°o;^?(2.) 

o.73«;»=2(i-)l°o;S5(2-) 
o.27t°„;«-2(i.)+°;S^3(2.) 

70.96t=2:f4(l-)tl.S^(2-) 




9.851 




10.935 


544.117 


555.762 



Table 1. The best-fit values of parameters wx, 5, f^jf Oi ^^mO> and Ho for the phcnomcnological scenario with the 1-a and 2-a- uncertainties, 
as well as x^in' '^^'^^ sets //(z), H{z)+BKO+CUB, SNe+BAO+CMB, and i/(z)+SNe+BAO+CMB, respectively. 





-1.6-1.3 -1 -0.7 



0.66 0.71 0.76 0.8 0.2 0.25 0.3 0.34 62 




4 0.67 0.72 0.77 0.23 0.28 0.33 65 




Figure 2. The 2-D regions and 1-D marginalized distribution 
with the 1-(T and 2-a- contours of parameters wx, ^xo, f2mO, 
and Hq in the phenomenological interacting scenario, for the data 
sets iT(2)-|-BAO-(-CMB. 



Figure 3. The 2-D regions and 1-D marginalized distribution 
with the l-cr and 2-a contours of parameters wx, f^xOi f^mO, 
and Hq in the phenomenological interacting scenario, for the data 
sets SNe+BAO-f CMB. 



the H[z) data played in cosmological constraints, we com- 
pared the SNe la data in the same way and find the con- 
straints with (z)-l-BAO-f CMB, SNela-^BAO-l-CMB, and 
//(2;)-|-SNe+BA0+CMB combinations are consistent with 
each other. With a large amount of the observational H{z) 
data in the future, it is reasonable to expect that the ob- 
servational H{z) data will play an increasingly important 
role in c osmological researches (|Zhai. Wan fc Zhand I2OI0I : 
iMa fc Zhanai2011i V 
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